


proceed smoothly. Such attempts in practice are 
superseded by a simple, effective procedure developed 
for the purpose, as follows. The pyrrolidine enamine 
of a ketone mas prepared first and then allowed to 
react with 2-indolinone in benzene. The method in 
concept is similar to one found by Robertsonz7 involv- 
ing reaction of Schiff bases with phenylnitromethane 
to generate nitrostilbenes, with the difference that in 
the present reaction of 2-indolinones, acetic acid or 
other added proton source usually need not be present. 
We visualize the intermediacy of first a proton-trans- 
ferred salt or complex (imnionium indolinonate) , then 
formation of the new carbon-carbon bond, and finally 
loss of pyrrolidine, to form the 3-alkylidene-2-indolirione 
in this reaction, which provided the nieans for efficient, 
facile syrithesib of compounds VI. This reaction is so 
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rapid and smooth that it might even be reconimerided 
as a possible addition to the arniamentarium of methods 
for characterizing sonie ketones via their enamines 
through reaction with 2-indolinone to form crystalline 
3-ylidene derivatives, and through subsequent hydro- 
genation of these to crystalline conipounds (VII). 
One is also inclined to believe in the intermediacy of 
iminoriium salts, formed by proton transfer from reac- 
tive methylene group to an imine or enamine, in a,ll 
amine-catalyzed Iinoevenagel reactions. This makes 
more readily understood the frequently observed 
sluggishness of many Ihioevenagel condensations as 
carried out' classic,ally by simply mixing the three 
components without, providing for removal of water, 
by assigning rate determination to the initial, reversible 
step of carbonyl + aniirie [imine, ca,rbinolamine, or 
enamine]. 

The usefulness of preformed imines2' arid enaniiries 
in the condensation of carbonyl conipounds with reac- 
tive methylene group containing molecules should be 
listed with those uses of other t'ypes currently recog- 
nized as iniprovements over older processes.28 

In a few cases, notably 4-piperidones, the ketone 
eiianiine procedure was inferior to simply using ani- 
monia, e.g., iri the preparation of IV. But since 
pyrrolidine so eff evtively mediated most of the ketone 
c.ondensations it w s  al.qo tried in direct' reactions of 
2-indolinone with aldehydes (methanol solution) and 
found to be superior to piperidine as a, promoter of 

( i : 7 )  D. N. Robertson. J .  Ory .  Chem., 25, 47 (1960). 
(28)  G. Stork, R.  Terrell, and J. Szmuszkovicz, J .  Am. Chem. S o c . ,  76, 

P O 2 9  (1954); G. Stork and H. li. Landesman. ibid., 78, 5128, 5129 (1956): 
Brizzdara, H.  Landesman, J. Szmuszkovicz, and R. Terrell, 

?bid . ,  86, 207 (19631; G .  .I. Rrrciitold and G. F. Uhlig, J .  O r g .  Cilcm., 
28, 1459 (1963); K. C .  Brannock, R.  n. nurpi t t ,  V. W. Goodlet ,  and J. G. 
Thweatt. ibid., 28, 1-162 (1963): li. C. Brannock, A. Bell, R. I). Burpitt,  
arid C. A .  Kelly, iiiid., 29, 801 (1964); C. F. Huebner, L. Dorfman, 31. 11. 
Robison, E. Donogliue, W. G.  Piersun, and 1'. Jtrachan, i b i d . ,  28, 3134 
( 1 963) . 

CHART I 

I \  

I I  1" V r 
R-C=CHR' 

VIa-i 

a,  R R ' =  (CH2)r 

d' R = CH3; R-',= CeHs 
e: R E  C2Hs; R = b H s  
f,R=-(-) ; R ' = H  

1 .  CeHsCHO 

3. NaBH, 
(Xs) 2.  CHaI 

1-I I 
u 

g, R = CH3; R'= CHzCeHs 
h, R = CH2CeHs; R'=CeHs 

i, R = CH3; R '  = CH2 

H3C CH3 

some of these, and also of the condensation of K-methyl- 
2-indolinone with some aldehydes and ketones. Es- 
pecially interesting was its effectiveness in providing 
good yields of 3-picolylidene-2-indolinones (I) from 
2-indolinone and the pyridine aldehydes, and a more 
versatile method for these than the earlier isatin- 
picoline reactions. 

Since the time (1962) when most of our work 011 

compounds I-XV was completed, it has emerged that 
the double bond of isoindogenides is somewhat more 
reactive17 than that of the average conjugated ester 
or amide. Awareness of this comes as the result of 
finding the double bond to be borohydride reducible,'? 
and of finding as we did that its palladium-catalyzed 
hydrogenation, giving compounds I1 from I, V from 
IV, and VI1 from VI (see Chart I), is also unusually 
facile. We also observed that the Nichael addition 
of the nitromethane anion,Z9 giving VI11 from VI, and 
IX from various benzylidene-2-indolinones, proceeds 
quite readily in some cases. The yields from the 
reaction VI + VI11 varied widely, however, in coni- 

(29) See C 11 Uerpmann, L, Ginsburg, and R Pagyu, O r g  H e a r t ~ o 7 ~ a ,  
10, l i 9  (195Y) 
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turn are obtained by controlled aryl G r i g n a ~ d ~ ~  or 
a ry l l i th iun~~~ treatment of K-alkylisatins. From all 
these routes one can obtain 1,3-disubstituted 2-in- 
dolinones amenable to uncomplicated, final 3-alkyla- 
tion,2 e.g., with benzyl (XX) and other halides. 

Alkylation of the 1,3-disubstituted 2-indolinones 
(XII, XV, and XVI), of two l-methyl-3-aryl(phenyl- 
or p-chlorophenyl)-2-indolinones, and of l-phenyl-3- 
methyl-2-indolinone, in turn, with p-dialkyl- (usually 
dimethyl-) aminoethyl chlorides, unexceptionally using 
sodamide, mas then carried out and provided 3-(p- 

R 

R 
XIXa, It = CH,; R’ = benzyl; R” = H ;  IC”‘ = NEt2 

b, R = CH,; R‘ = p-chlorophenyl; R” = H; It”’ = NMez 
c, R = CH,; R’ = p-chlorobenzyl; R” = H ;  R”’ = NMe2 
d. R = CH?: R’ = a-fluorobenzvl: R” = H :  R”’ = KMe9 

I ,  

e,’ R = CH;; R’ = benzyl; R” = OCH3; R’’l = KMeZ - 
f ,  R = CH,; R’ = cyclopentyl; R” = H; R”’ = 
g, R = phenyl; R’ = CH,; R” = H; R”’ = NRIe2 
h, R = benzyl; R‘ = phenyl; R” = H; R”’ = KUe2 

dialkylaminoethy1)-Zindolinones (XIX) with a new 
assortment of 1- and 3-substituents. These, together 
with the other basic compounds I-V, X, XI ,  a,nd XIV, 
have been subjected to general pharmacological testing. 

We believe that some of the methods presented here 
will be useful in the future to other investigators. Us- 
ing many of the intermediates prepared as described in 
the Experimental part of this report, we have investi- 
gated ot’her alkylations of 1,3-disubstituted 2-in- 

(38) F. J. hIyers and H. G. Lindwall, J .  Am. Chem. Soc., 60, 2183 (1938); 
R. F. Reeves and H. G. Lindnall. ihid., 64, 1086 (1942):  see also ref. 34b, p. 
219. 

(39) J. &I. Bruce, J .  Chem. Soc., 2366 (1Y8Y). 

dolinones, particularly those leading to derived 3-acetic 
and 3-propionic acids and subsequently to  spiro com- 
pounds, which are to be described in another paper. 

Pharmacology.-Data enabling presentation of the 
following summary of results obtained in this group of 
compounds, as well as descriptions of the test proced- 
ures employed, are contributed by Drs. Walter Barrett 
and albert Renzi, as well as other members of the 
Macrobiology staff. 

Sone of the compounds showed appreciable analgetic 
and no pronounced h y p ~ t e n s i v e , ~ ~  anti- 

histaminic, or isolated tissue antich~linergicl~ activity 
u-as encountered, except with XI1 which lowered blood 
pressure somewhat in the dog. Although IV and XX 
at 5 mg./kg. had a central stimulant action on mice, 
other compounds, V-XIa and c and XV-XVII, were 
virtually devoid of interesting effects on blood pressure 
or the central nervous system and in general showed 
little or no toxicity as well (LDjo 400 mg./kg. or greater, 
in most caseq). 

In mice and rats a t  moderate dose levels (ca. 50-100 
mg.jkg.), all nine compounds I, I1 (2-, 3-, and 4-pyr- 
idyl), and I11 (2-, 3-, and 4-piperidyl) elicited in 
varying degrees a fairly pronounced central depression, 
characterized by lethargy and occasional catatonia, 
salivation, urination, etc., from which recovery later 
took place. These effects may be described as non- 
specific, ataractic action and, pending any closer 
examination, are a t  present tentatively attributed to 
central inhibition of cholinesterase. Whatever the 
exact mechanism of action of these substances may be, 
they certainly seem to be quite different in their physio- 
logical effect from earlier de~cribed,~ siniilarly con- 
stituted indoles. 

With compounds XIX, activities such as anal- 
ge~ia,~--8,13 spasmolysis,13 lowering of blood pressure, 
or antagonism of acetyl choline again were absent or 
minimal, in contrast with what one might anticipate 
on the basis of earlier findings or expectations in such 
basic 2-indolinones. Instead antiinflammatory ac- 
tivity made its appearance when XIXa-i mere tested 
in rats (granuloma pouch). Compounds XIXa-d, g, 
and h, a t  50 mg./kg., mere nioderately effective in this 
respect; XIXe mas slightly active, and XIXf rather 
potent. In  addition, XIXa and b were moderately 
active as diuretics in the rat, although they also pro- 
duced marked kaliuresis. Unfortunately, compounds 
XIX were not effective when given orally. The anti- 
inflammatory activity of basic 2-indolinones (XIX) 
is interesting, not only as a corollary to recently re- 
ported,40 superior effects of the same type found in 
heavily substituted indole-3-acetic acids, but also 
perhaps as an indication of the direction in which 
future pharmacological study of basic indoles and in- 
dolinones may be pursued. 

Pharmacological Methods 
Blood Pressure Test.-Mongrel dogs of both sexes were anes- 

thetized with sodium pentobarbital. Blood pressure was re- 
corded from the femoral artery and respiration from a tracheal 
cannula. The compounds were administered intravenously 
through a cannula placed in a femoral vein. The effects of vary- 
ing doses of the tested compound on blood pressure, respiration, 
and heart rate were measured, and a t  the same time their possible 

(40) T. Y. Chen, et al., J .  Am.  Chem. Soc., 86, 488 (1963). 





Septen1ber 1965 NEW ~-INDOLINOKE DEHIVATIVES 63 1 

As">ol 252 mp (e 9510) with iiiflections at  261 
and 279 mp ( E  7840 and 1410, respectively). 

Anal. Cald. for ClaH12N20: C, 74.99; H, 5.38; N, 12.49. 
Found: 
3-(4-Pyridylmethyl)-2-indolinone.-Hydrogenation of 12.0 g. 

of 3-(4pyridylmethylene)-2-indolinone in ethyl acetate in the 
presence of 4 g. of lOy0 Pd-C was run in a controlled manner a t  
70", as in the preceding experiment. After a pressure drop of 
0.281 kg./cm.2 had been observed (0.5-0.7 hr.), the shaking was 
continued only for 10-18 min. longer, and then discontinued. 
The product separated from the ethyl acetate solution on cooling; 
therefore, after filtration, the cat'alyst was leached wit'h several 
portions of ethanol. The combined, filt'ered solutions were 
evaporated, and the product was tritrirated with ethyl acetate. 
There was obtained 7.0 g. of colorless crystals, m.p. 193-197" 
dec.; recrystallization from ethanol gave a pure sample: m.p. 
199-201" dec.: A:::" 251, 263, and 279 
mp (e 9320, 6270, and 1330, respectively). 

-4nal. Calcd. for ClaH12N20: C, 74.99; H, 5.38; N, 12.49. 
Fouiid: C, 75.19; H, 5.60; N, 12.29. 

Both this reaction and to a lesser extent the preceding one with 
the B-picolylidene derivative had a tendency slowly t,o proceed 
further and give mixtures of products if let run for prolonged 
periods at TO". Complete reaction of the a-picolylidene-2-indoli- 
none to the corresponding 3-(2-piperidylmethyl)-2-indolinone, 
as described below, took place if the reaction was run a t  elevated 
temperature in ethyl acetate. 

l-Methyl-3-(2-pyridylmethyl)-2-indolinone.-A solution of 3.5 
g. of 1-methyl-3-(2-pyridylmethylene)-2-indolinone in 200 nil. of 
ethyl acetate was treated with 3 g. of 10% Pd-C and shaken 
under 3.15 kg./cm.2 hydrogen a t  70". The expected pressure 
drop occurred rapidly, and there was no further absorption during 
1 hr. Evaporation of the filtered solution gave pale yellow, 
basic material which did not crystallize. It. was converted to the 
corresponding hydrochloride by treatment of an ethereal solution 
with ethanolic HC1. The salt crystallized slowly, and after being 
washed with ether had m.p. 203-208" dec. : recrystallization 
from ethanol-ether raised the melting point' to 215-2163' 
dec.; A:::"' 5.87-5.91 and 6.21 p, in addition to ionic bands 
(4.16 broad, 4.84, and 4.99 p ) ;  A:::" 255 mp (e 12,160) with 
shoulder a t  262 mp ( e 10,760). 

Anal. Calcd. for CljHljCl?j20: C, 65.57; H, 5.50; N, 10.20. 
Found: C, 65.29; H, 5.75; N, 9.99. 

The crude base, prepared on a larger scale by hydrogenation of 
39 g. of 1-methyl-3-( 2-pyridylmethylene)-2-indolinone in ethyl 
acetate with 12 g. of catalyst a t  60", and isolated as usual, 
deposited a small amount of solids, on standing. After removal 
of this material by filtration, the oil was suitable for use in alkyla- 
tions as described elsewhere. 

Hydrogenation of 3-(Pyridylmethylene)-Z-indolinones to 3- 
(Piperidylmethyl)-2-indolinones (111). 3-(2-Piperidylmethyl)-2- 
indo1inone.-A suspension of 15 g. of 3-(2-pyridylmethylene)- 
2-indolinone and 6 g. of 10% Pd-C in ca. 300 ml. of ethyl 
acetate was shaken under 3.2 kg./cm.2 of hydrogen at 80' for a 
total of 10 hr. (periods of time extending over 2 days), when ab- 
sorption (total pressure drop 1.48 kg./cm.*, representing ca. 
3.9 molar equiv.) appeared to be complete. Evaporation 
of the filtered solution and collection of the product with the 
aid of some ether afforded 11.5 g. of colorless cryst'als: m.p. 
138-141 O ,  raised by recrystallization from ethyl acetate to 
140-142'; A:::' 2.92, 5.99, and 6.10 p (intense doublet); A::" 
235 and 287 mp (e 6840 and 2410, respectively). The shift in 
2-indolinone carbonyl position in the infrared spectrum evidently 
is due to group interaction with the sterically adjacent secondary 
amino group. 

Anal .  Calcd. for C14H1,K2O: C, 73.01; H, 7.88; X, 12.17. 
Found: C, 73.05: H, 7.92; N, 11.76. 

The same compound also was prepared by hydrogenation of 3- 
(2-pgridylmethylene)-2-indolinone in acetic acid solution in the 
presence of Pd as described in following experiments, followed by 
regeneration of base from acetate using NaOH solution. 

3-( 3-Piperidylmethyl)-2-indolinone.-A solution of 13.2 g. of 
3-(3-pyridylmethylene)-2-indolinone in 250 ml. of glacial acetic 
acid was treated with 6 g. of l0Vo Pd-C and hydrogenated a t  3.15 
kg./crn.Z initial pressure and 80". A pressure drop of 1.37 kg./ 
m1.l was observed (4.1 molar equiv.) in 3 hr. Evaporation of 
the filtered sollition gave an oil which crystallized in the presence 
of ether and acetone. By trituration with acetone there was 
obtained 10.4 g. of the acetate salt as finely divided, colorless 
crystals, m.p. 176-179"; recrystallization from ethanol-ether 

~~ 5.88 and 6.18 p ;  

C, 74.86; H, 5.45; N, 12.07. 

A:::' 5.83 and 6.20; 

gave a sample: m.p. 177-178"; X:::' 5.81 a i d  6.17 p, in addi- 
tion to bonded T1" and ionic bands. 

Anal. Calcd. for C16H22Nz03: C, 66.18; H, 7.64: N, 9.65. 
Found: C, 65.71; H, 7.66; 3, 9.33. 

Treatment of the hydroacetate with excess K&03 solution and 
extraction with ether gave a solution of the crude base, which was 
dried (KzC03) and evaporated. From a small volume of ether 
there were obtained crystals: m.p. 129-132" (softening, 125'); 
after recrystallizat,ion from ethyl acetate, m.p. 137-138"; X:::' 
3.02, 3.27, 5.89, and 6.16 p ;  A:","." 249 and 275-279 mp (e 8410 
and 1410, respectively). 

Anal. Calcd. for CllH&20: C, 73.01; H, 7.88; N, 12.17. 
Foiind: 

3-(4-Piperidylmethyl)-2-indolinone.-Similar hydrogenation 
of a solution of 15.0 g. of 3-(4-pyridylmethylene)-2-indolinone in 
250 ml. of acetic acid in the presence of 5 g. of 10% Pd-C at  80" 
resulted in a pressure drop of 1.48 kg./cm.* in the 4-1. system (ca. 
3.9 molar equiv.) in 2 hr. Filtration and evaporation of the 
acetic acid gave oily material which crystallized in the presence of 
ether and afforded, after trituration with ether, 17.0 g. of slightly 
pink crystals, m.p. 210-214' dec. Recrystallization of t,his 
acetate salt from ethanol gave pure material: m.p. 222-225' dec. 
(sintering); A::' 5.80 and 6.07-6.16 p (doublet) in addition to 
bonded NH and ionic bands; A?:" 249 mp (e 8620) with a 
shoulder 280 mp (e 1430). 

9nal.  Calcd. for C16H22XPOZ: C, 66.18; H, 7.64; Tu', 9.65. 
Foimd: C, 65.90; H, 7.75; Tu', 9.49. 

3-(2-Pyridylmethylene)-5,6-dimethoxy-2-indolinone.-Con- 
densation of 10 g. of 5,6-dimetho~y-2-indolinone~~ with 6.2 g. of 
pyridine-2-aldehyde in warm methanol (700 ml.) in the presence 
of 5 ml. of pyrrolidine gave, after exothermic reaction and sub- 
sequent cooling, 12.5 g. of dark red crystals: m.p. 240-244', 
raised by ethyl acetate recryst'allization to 243-245" : A",:' 
(bonded NH), 5.90, 6.12, and 6.19 p ;  X:::" 273-278, 340, and 
442 mp ( e  19,370, 13,880, and 4410, respect'ively), with inflections 
288 and 354 mp (e 16,150 and 11,490, respectively). 

Anal. Calcd. for Cl6H1?N2O8: C, 68.07; H, 5.00; N, 9.92. 
Found: 

3-(2-Pyridylmethyl)-5,6-dimethoxy-2-indolinone (XVII).--A 
solution of 10 g. of 3-(2-pyridylmethylene)-5,6-dimethoxy-2- 
indolinone in ethyl acetate absorbed H2 very slowly when shaken 
in the presence of 2.5 g. of 10% Pd-C, at room temperature. 
Aft,er 8 hr., when uptake appeared to be complete, the solntiori 
was filtered and evaporated; discoloration was observed in the 
presence of air. The red-brown residue provided 9.4 g. of tan 
crystals when triturat,ed with ether. Recrystallization from 
ethyl acetate gave slightly discolored crystals: m.p. 119-121' ; 

mar bonded KH ca. 3.15 (broad), 5.85, and 6.13 p ;  A:::" 2.62 
mp (E 9140) and inflections 267 and 300 mp (e 8690 and 3700, 
respectively). The compound was slowly soluble in, and rather 
unstable to, acids. 

Anal. Calcd. for C16H16s03: C, 67.59; H, 5.67; N, 9.85. 
Found: 

Attempt'ed synthesis of the corresponding piperidylmetliyl-2- 
indolinone by further reduction of this compound in acetic acid 
in the presence of Pd  at  80' gave, after uptake of 3.10 molar 
equiv. of HP, an unstable, rapidly discoloring base which did not 
crystallize and could not be converted to crystalline salts. 

3-(1-Methyl-4-piperidylidene)-2-indolinone (IV).-Anhy- 
drous SH3 was passed to saturate a solution of 11.7 g. (0.088 
mole) of 2-indolinone and 10.2 g. (0.09 mole) of l-methyl-4- 
piperidone in 250 ml. of ethanol which was then boiled 2.5 hr., 
gradually reducing to a smaller volume. Upon treatment of the 
cooled, concentrated solution with water, there were obtained 
crystals which were collected, washed with water and with 3: 1 
aqueous methanol, giving 14.3 g. (72yc) of product, m.p. 169- 
172". Recrystallization from aqueous methanol raised the 
melting point to 178-180"; A:::' 5.92 and 6.17 p ;  254, 
260, 294, and 355 mp (E 27,280, 28,330, 7830, and 1890, respec- 
tively). 

Anal. Calcd. for C1&&0: C, 73.65; H, 7.06; N, 12.27. 
Found: C, 73.60; H, 7.15; N, 12.42. 

3-(1-Methyl-l-piperidyl)-2-indolinone (V).-Hydrogenation 
of 4.1 g. of compound from the preceding experiment in the 
presence of 3.5 g. of loc; Pd-C, in 300 ml. of ethyl acetate, under 
3.2 kg./cm.2 of Hr, was complete in 5 min. or less a t  room tem- 
perature. Filtration of the catalyst, and evaporation of the 
solvent gave oil which crystallized on standing overnight. 
The base, purified by recrystallization from ether, had m.p. 

C, 72.56; H, 7.81; N, 11.30. 

C, 68.11; H, 5.10; N, 10.19. 

C, 67.51: H, ,530; N, 9.77. 



I 5.Yl and 6.20 p ;  A:::" 250 and 275278  nip ( E  
6650 and 1410, respectively). 

Anal. Calcd. for CldH18N20: C, TS.01: H ,  7 
Found: C, 73.13; H, 7.86; N, 12.01. 

The corresponding hydrochloride, prepared Iiy treatment of :in 
cther solution of the h s e  with alcoholic HC1 and rrcrystnllizeti 
frorii et,hatiol, had n ~ p .  311-:313" (le(,. ; 5.88 :tnd 6.20 p as 
well its NH (ca. 3.15 p )  and hydrohalide (ca,. 3.8 and 4.0 p )  bands. 

Anal. Cslcd. for Cl~Hl~CINZO: V, 63.03; H, 7.18: S, l(l.5fl. 
Found: 

3-Cycloalkylidene-2-indolinones. --The procedure used iii t lie 
rondensation of 2-indolinone u enaniiues of ketones is esempli- 
fied by the prep:iration of 3- ohexr.lidene-2-iiidolinorie (Via 1 
:is follows. A solution of 10 p.  10'2 inole) of cyclohexanone and 
7.9 g. (0.111 inole) of pyrrolidiiie i t i  :300 nil. of benzene v a s  re- 
H u s t ~ l  under a water separator for 1 hr. The enamine solution 
was nddetl to 12.!) p. (0.097 Inole) of 2-iiiiiciliiione, which dissolved 
ixpidly. 'rhe solulion was heated o i i  :I steam Cone for 
: i i i t i  then evaporaird t o  snialler voliime to complete the 
limlion of the product. which was then cvllected, ivash 
I ict izr i ic~, :iiid air dried. 

C, 63.10; H, i .24:  XI 10.67. 

The yield of slightly diwolored, yellon. 
ils XIS 18.2 g. (SSCG), ni.p. 16s 1 7 1 O .  raised hy fiirther re- 
a.llizaiion from beiizene to l!)O--201a ( l i t . 1 7  nl.1). 1U2---103" i :  

x;,y -J.I, ' 9 - -  26'2, 294, :tiid :+4!1-:354 rnG 

(Inlcd. for C'l,H!b?jO: : H, 7.09: S, 6.57. 
Foiititi: C, 79.14; H, 7.15; N, 6 

3-Cyclopentylidene-2-indolinon as prepared by similar 
procedure using ryclupentanone and crystallized rapidly from 
t,lie benzene sulution, giving S4!, of yellow crystals, 1n.p. 21 3- 

, raised by recrybtallizaiion from methanol to 220-221.3" : 
;.!I1 and 6.10-6.20 p  doublet^; Atl::" 217, 251, 255, 260. 

'2!)3> and 349 nip ( E  8870, 26,1BO, 2fi,lii;O, :12,:',65, 7680. and 1830, 
reqiec t>ively 1. 

:I,nal. Calcd. for C1JII,SO: (!. iX.:Zti: 11, 6.38; 3, 7.1):3. 
1"oiind: 
3-Cycloheptylidene-2-indolinone (VIc) wits prepwed by thr 

same procedure using ( lolieptanone (1  7.7 g. j and 2-indolinone 
(20 g. j ,  and did not crystallize imrriedintely. From the evnpo- 
rated reaction solutiiin there was first recovered 3.8 g. of u t i -  

c,lianged 2-indolinone. The remaining oil!, niaierial was treated 
with 13 ml. of g1:icial aretic acid m t l  warmed gently on a steam 
c'otie for :t t)rief period, then taken up in ether. The et,her 
w l r i t  ion was washed with three portions of water, dried (MgSO.t), 
; ~ n d  evaporated to a small volrime. The crude product (7.3 e.: 
21 ) then c.rystallized arid x-ns collected. Recrystallization 
from methanol gave rellow needles: n1.p. 169-171 O ;  

,;.!),j :itid fi.24 p ;  - i jt3i)Oj 32,810, 8100, 6490, arid 19.30, respec't ivrly). 
. Incd .  (lalcd. for CLE€lI7XO: C', i9.2fj; 11. 7.34; S ,  ( j . l ( i .  

F1,iitid: C', 79.41; 11, 7.62: 3, 6 . 2 7 ,  
Other 3-Alkylidene-2-indolinones ( V I )  tv(;re p r e p : ~ d  I ) ) ,  I t i c .  

SIIIII~ pencrd rrart,ion of .'-intiolino~ie wiih pyrrolidiiie enaniiiie:: 
1 jj. ieapect,ive starting keti iries. 

3-( l-Phenylethylidene)-2-indolinone ( VId) n-:ts obtained using 
nu: yield X1 ( ' i  after trituration with Inethaniil. 

Ilizati~ii from inethanol gave yellow needles: 1n.p. 1R7-- 
5.!M :i,iid 6.1:3-6.18 p (tloiiblet); 253, 260, 295, 
( e  31,460, 32,230, Sl50, and 1730, respectively). 

.Inal. Calcd. for CI?T1&JO: 81.90; 11, 6.06: S, 5.6'2. 
Fo1111d: c, 81.80; 11, 6.00; s, 5 

3-(l-Phenylpropylidene)-2-indolinone (VIe) was obtained 
f r o i n  'ue~iryl ethyl ketone: yield (i6r)k of yellow crystals, initially 
ni.p, i61-165° niid changing l o  n1.p. 182--18.io after recrystalli- 
z:iiii)ii froni rnethaiiol; A::::' 5.95 and 6.18 p ;  A::" 355, 261, 
294.-297, and :K--360 mp ( e  2<!),720, 2O,4'2Oj 8200, and 1810, 
rehpec,tively ). 

. t n r d .  r d c d .  for (.'lsli,jX~): <':  S2. l lJ ;  IT, ti.T,l; X, 5.32. 
Foriiid: 

Afwr  treatment with rnethariolic~ sodiuni methoxide-nitro- 
t~irt,h:ine solution and subsequent wirk-up involving treatmerit 
with aqueous acetic acid, t,liis compound was recovered as a, 
niisturr [ i f  two forrris. After separation of some of the higher 
inelting form, the mother liquor (aqueous methanol) deposited n 
lower melting form, m.p. 160--16'2' after recrystallization from 
meth:tncil. The infrared spectruru (Nujol) was very similar to, 
I ) u t  riot identicd with, that of the n1.p. 182-185" substance. 
The riltritviolet spectra (E:tOfI), hou.e\w, were virtudly i . 1 ~  

16 arid 6.20 p :  
1, 32,650, S1.50, ai id  10X0,  rrspwtively). 

C, 78.40; H, 6.81 j S, 7.09. 

I 

253-255, 262, 295, 304, : t r l ( ~  352 11 
.)' . 

<', 83.35; 11, 6.6G; S, 5.1;$. 

sailllt. 

.4nrtl. Bound: (1, h2.14; H, ti.61: S, 5.17. 
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TABLE I 

633 

VI1 

b 

e 
f 
g 
h 
i 

C 

7 

ALP. ,  c. 
114-116 
l5Gl52  
109-111 
165-167 
97-99 

167-169 
148-152 

C 
77.58 
78.56 
81.47 
78,97 
81.47 
84.37 
80.46 

-Calod., %- 
H 

7 . 5 1  
8.35 
7.22 
8 .70  
7.22 
6.47 
9.97 

- 
N 

6.96 
6.11 
5.28 
5.76 
5.28 
4.28 
4.47 

Hydrogenation of an ethyl acetate solution of this compound 
(6 g.) in the presence of 10% Pd-C (1.5 g.) gave 3-(3,4,5-trimeth- 
oxybenzyl)-2-indolinone, crystallizing from ether-ethyl acetate 
as colorless crystals: m.p. 120.5-125'; A:$ 5.85, 5.99 (m),  
6.15, and 6.26 p ;  the ultraviolet spectrum (EtOH) had inflection 
points 232, 249, and 279 mp ( e  11,410, 8650, and 1960, respec- 
tively). 

Anal. Calcd. for C18H191;04: C, 68.99: H, 6.11; S, 4.47. 
Found: 

34 3,4-Dimethoxybenzylidene)-2-indolinone was recrystallized 
from ethyl acetate as bright yellow needles, m.p. 239-242'; X:::"' 
5.90 and 6.16-6.30 p ;  251 and 371 mp ( e 16,070 and 17,960, 
respectively). 

Anal. Calcd. for C17H'&O3: C, 72.58; H, 5.37; X, 4.98. 
Found: 

3-(p-Fluorobenzylidene)-2-indolinone upon recrystallization 
from ether gave one of the isomers as yellow crystals: m.p. 
194-196"; A:::' 5.84 and 6.11-6.18 p ;  A,,, 252, 322 mp 
( e  12,940 and 13,920, respectively) with inflections 224, 272, and 
388 ( e 13,460, 8670, and 3310, respectively). 

ilnal. Calcd. for C1:HI~FNO: C, 75.30; H, 4.21; 1, 5.86. 
Found: C, 75.10; H, 4.24; ;2;, 5.95. 

3-Benzylidene-5,6-dimethoxy-2-indolinone.-By condensation 
of 45 g. of 5,6-dimethoxy-2-indolinone3~ and 30 g. of benzaldehyde 
in ca. 2000 nil. of methanol, in the presence of 45 ml. of piperidine 
there was obtained 59.6 g. of red crystals, m.p. 210-212', not 
raised on further recrystallization from methanol; A",:' N H  
band and 5.93 and 6.20 p ;  A",':,"" 270, 325, and 414 mp ( e  16,740, 
12,060, and 3930, respectively). 

Anal. Calcd. for Cl7HISSO3: C, 72.58; H, 5.37; Tu', 4.98. 
Found: 

Condensation of 3-Alkylidene and 3-Arylidene-2-indolinones 
with Nitromethane. 3 4  l-Nitromethylcyclohexyl-l)-2-indolinone 
(VIIla).-To a solution of 17.7 g. (0.77 g.-atom) of ?Sa in ca. 300 
nil. of dry methanol was added 62 g. (1.02 moles) of nitromethane, 
and then 65.6 g. (0.307 mole) of 3-cyclohexylidene-2-indolinone 
(VIa) together with about 200 ml. of additional methanol. The 
suspension was heated on a steam cone and stirred, which brought 
about solution of the crystals and formation of an orange solution 
in about 5 niin. The solution was then boiled 4-5 min. and 
allowed to stand and cool gradually for 1 hr. Addition of 60 ml. 
of acetic acid and then water (ea. 1500 ml.) caused the product 
to  separate as a viscous gum. This crude material was conven- 
iently separated and washed with water several times, by decan- 
tation; when then treated with some warm met,hanol, it crystal- 
lized. After being broken up t,horoughly in methanol, the crys- 
tals were collected and washed with the same solvent. There 
was obtained, in three crops, a total of 75 g. (89y0) of air dried, 
nearly colorless crystals, m.p. 153-156". A pure sample was 
prepared by further recrystallization from methanol; colorless, 
gleaming crystals: m.p. 159-161'; X:$ 5.87, 6.17, and 6.44 p ;  
A,,, 251 and 283 mp ( e  7800 and 1540, respectively). 

Anal. Calcd. for Ci:H18N203: C, 65.67; H, 6.61; N, 10.21. 
Found: C ,  65.61; H, 6.72; S, 10.42. 

Attempts to add sodionitromethane to 3-cyclopentylylidene- 
2-indolinone by the same procedure, and by using a longer 
reaction time or stronger base (KO-t-Bu) catalyst, were unsuccess- 
ful. When the procedure was applied to 3-eyeloheptylidene-2- 
indolinone (19.5 g.), using sodionitromethane and boiling 20 min., 
the starting material dissolved after about 7 min. and from 
the deep green solution a brown solid separated later. When 
worked up as in the preceding experiment, adding first 15 ml. of 
acetic acid and then water and crystallizing the crude material 
by means of methanol, this reaction mixture provided 17.8 g. of 
crystals melting over the range 115-145'. Fractional crystalli- 
zation of this mixture from methanol gave first 8.4 g. of recovered 
starting material, having m.p. 169-171' and identical infrared 

C, 69.23; H, 6.29; X, 4.35. 

C, 72.36; H, 5.39; X, 4.79. 

CHBOH 

C, 72.60; H, 5.42; S, 4.91. 

EtOH 

C 

77.36 
78,60 
81.41 
79.19 
81.60 
84.12 
80.71 

-Found, %- 
H 

7.59 
8.42 
7 .33  
8 . 7 5  
7.28 
6 .65  

10.04 

N 
6.95 
6.00 
5.26 
5.58 
5 ,26  
4.19 
4.49 

Infrared, Amax, p 

5.Y1,6.17 
5,90,6.17 
5,81,5.97,6.17 
5.84,6.16 
5.86,6.16 

5.87,6.15 
5.86,6.12-6.18 

spectrum. The material remaining in the filtrate was an en- 
riched mixture of starting material and product VIIIc, as proven 
by reduction to the corresponding amine, described under the 
next heading. However, efforts to purify VIIIc by further 
fractional crystallization of the mother liquors were unsuccessful, 
giving four additional crops of crystals, weighing a total of 7.6 g. 
and having melting point ranges 120-145, 118-124, 112-117, 
and 122-125', all of which were mixtures and did not, after 
further recrystallization, provide analytically pure T'IIIc. 

3 4  l-Methyl-l-phenyl-2-nitroethyl)-2-indolinone (VIIId) was 
prepared from \'Id (15 g.) and sodionitromethane (from 3.0 g. of 
Xa and 9.5 ml. of nitromethane) by a similar procedure in which 
the mixture was boiled 13 min. and allowed to stand and cool 0.5 
hr. before working up as described above. From methanol 
there was secured 15.7 g. (84%) of light yellow crystals, m.p. 
155-163". Recrystallization from methanol gave colorless 
crystals: m.p. 196-199'; A",!' 5.89, 6.16, and 6.42 p ;  251 
and 282 mp ( E  8150 and 1490) with inflection 293 mp (E 1160). 

Anal. Calcd. for Cl8HI,S2Oa: C, 69.66; H, 5.85; S, 9.03. 
Found: 

Compound VIf failed to condense with sodionitromethane. 
3 4  l-Benzyl-l-rnethyl-2-nitroethyl)-2-indolinone (VIIIg) was 

obtained as an oily mixture with unchanging starting material 
by condensation of 30 g. of VIg with methanolic sodionitrometh- 
ane reagent prepared using 5 g. of Na and 15 ml. of nitromethane. 
The reaction was boiled 17 min. unt'il none of the slowly dissolving 
crystals of VIg remained, and after standing another 0.5 hr. was 
worked up as described above to give first a small amount of 
starting material (m.p. 194-196") and then an oil which was ex- 
tracted with ether. The ether solution was washed several times 
with water, dried (MgSO1), and evaporated. The residual 34 g. 
of red-brown oil did not crystallize; that  it consisted mainly of 
T'IIIg was shown by reduction to corresponding amine Xg as 
described below. 

3- [ 1 -Methyl-1 -nitromethyl-2-( 2,2,6-trimethylcyclohexyl)- 
ethyl] -2-indolinone (VIIIi).-Reaction of 30 g. of VIi with sodio- 
nitromethane prepared using 5.5 g. of Na in methanol and 16.5 
ml. of nitromet,hane, was brought about by boiling for 19 min. 
until the starting material dissolved and a light brown solution 
was obtained. The crude product, isolated after acidification 
with 17 ml. of glacial acetic acid and treatment with water, did 
not crystallize in the presence of methanol. It was extracted 
with ether; the ether solution was washed twice with water, 
dried (llgSOd), and evaporated to a small volume. Partial 
crystallization occurred after the crude material had been al- 
lowed to stand several days in the presence of ether. Filtration 
eventually gave a total of 5.5 g. of crystalline product. After 
further recrystallization from methanol the compound had m.p. 
151-152'; Ai::' 5.86, 6.16, and 6.42 p ;  A::" 250 and 283 mp 
( e  7260 and 1360, respectively ). 

Anal. Calcd. for C22H32N203: C, 70.93; H, 8.66; Tu', 7.52. 
Found: 

The remaining material did not crystallize further but con- 
tained a diastereoisomer of the same product as shown later 
by reduction to corresponding amine, Xi. 

3-(~~-Phenyl-p-nitroethyl)-2-indolinone (IXa).-To methan- 
olic sodium methoxide, prepared from 7.6 g. (0.33 g.-atom) of 
Na and 27.1 g. (0.444 mole) of nitromethane, was added 32.5 g. 
(0.147 mole) of 3-benzylidene-2-indolinone. Slow reaction, 
evidenced by a noticeable tendency for the crystals to  dissolve, 
tookplace a t  room temperature. The mixture upon warming just 
to the boiling point rapidly became a bright red solution. This 
solution was allowed to stand and cool very gradually for 1 hr., 
during which time the red color faded and was replaced by a 
much less intense brown. After treatment with 25 ml. of acetic 
acid, the solution was diluted with 1700 ml. of water. The crude 
product which separated crystallized readily after having been 

C, 69.55; H, 5.90; X, 8.81. 

C, 71.07; H, 8.66; K, 7.42. 



washed witli water and treated with it siiiall yuaiitity of rrietliariol. 
'There was collected 28 g. (6iyc) of product, m.p. 120--~125°. 

m methariol gave colorless 
86, 6.16, and 6.45 p :  2 

m w  ( e  7030 and 1400, respectivelyl. 
.innl. Chlcd. for ~ 1 6 1 ~ 1 4 K ~ O ~ j :  (', &h.OT: 11, 5,110; S,  9.!12. 

l ~ o l l ~ l d :  (', 68.11; El, ,5.05: s, ll).lKl. 
C'onipiiund IXb, yrep:ri,etl k>j- iin:ilogcius p r o i d u r e ,  \\-as 1111- 

tairied as a viscous oil. 
3 4  a- [( 3,4,5-Trimethoxyphenyl)-@-nitroethyl] -2-indolinone 

(IXc).----Condensation of 49.5 g. (0.lr% mole) of 8-(:3,4!5-trinieth- 
irsyl-)eti~yliderie)-2-indoliiii~ne with sotlioriitrornethaiie! prepared 
f rom i.2 g. (0,313 g.-atoin) of N:r in methanol and 24. i  p. 10.406 
inole) of nitrciinethsne, W:LS slowei. than the preceding rr:ti-ticiii 
and required 8 min. of hi l ing  for dissolution of starting iii:iteri:d, 
Otherwise the manipulations were the sanie :is described in thr 
preceding experimetit ; the yield of crride prodiicnt (n1.p. 18S-1!)3" I 
was 43 g. (72",) .  Recryxtal1iz:ttioti from in 
wlorlers, piire cq-stah: 111.p. 203-304' : X 
ar id  6.42 p :  hi::H inflection3 :it 248 :tnd 27!) 
r t y w t  ivrly 1. 

.Lt1(11. ('alcd. fu r  c19H20s106: C', 61.28: II, 3.41 : s, 7.52. 
k'oiiiid: (', 61.22; € I ,  5.60; S, i.:ji. 

3;/ cu-i2-Pyridyl)-8-nitroethyl] -2-indolinone (IXd).-~A siiiii1:tr 
r w ( ' t i i i r i  of 21 g. (0.0945 mole) of 8-(2-pyridylriiettiyleiie)-I- 
iiidtililioiie nith iiiethanoliv sodionitrrliiiethane prepared from 4.2 
g. (0.183 g.-atoni) of ?;a and 14.7 g.  (0.24 riiole) of nitromethatie 
gitvo, under the cotiditions descrilieti for the beiizj-lideiie-%-iiido- 
Iiiiorit, re:tc:t ion, :in oily product. 
w:tshirig with water, drying (llgSOi), aiid evaporation, there wai: 
iihtaiiied 29.6 g. of brown oil. h f t e r  3 days this material crystal- 
lized. 'I'rititrationwith ether-methanoland rec.rystallizationfroni 
methanol gave colorless needles: I I I . ~ .  151--153": X:yp' 5.84. 
6.16, 6.26, and 6.42 w :  A:,:? 251 nip ( E  9240) aiid iriflecticiii 
points 259 and 283 mw ( E  8140 and 14:JO, respect iv 

Alnc~I. Calcd. for Cli,€I,3X,30~: C', 63.59: T T ,  4 
Fulllid: 

Hydrogenation of Nitro Compounds VI11 and IX to Oxytrypt- 
amines ( X  and XI). 3 4  l-Aminoethyl-l-cyclohexyl)-2-indolinone 
(Xa).-A mixture of 36.5 g. of VIII:t, 20 g. of  10c,i Pd-C, and :%)(I 
1111. of et,hyl acetate was shaken under H2 (initially 3.15 kg./cin.':. 
1 here was not appreciable uptake at rocin1 teniperature, and 
therefore heat was applied to raise the tenipe 
whereiipori a pres,qiire drop of  2.52 kg./cni.? ( cn  
took place within 1 hr. 
w:irtii,  itrid ihe c-atal)-st war extrac4ed with two portions of h J t  

ethyl avetate, for the prodiict separated from couled et,hyl ac>etat 1 3  

colii t ioiib.  The combined filtra evaporated t o  sni:ill 
volime : i d  the acwimiilated cr. were cbollected i r i  several 
imp.: aiid washed sparingly wit 1 acetate: yield 14.; g. 

) ;  1ii.p. of purest material riot raised on  fiirihei. 
tallieat iori frorii methanol 8--221 O )  : A;:? 2.$12. 
3.14, 3.25,  5.90, and 6.09 p :  At,::" 238 and 2\11 rnp ( E  731(l 

After e. 

C, 63.25: 11, 4.66: S,  14..i(i. 

7 7  

'rhe siispennion was 

:iiid 2570, respect ively). 
.1 T / f I l .  ( h l l d .  for 

I I .47. Foiind: (1! 73. 
'The same :imine was rnied in lower yield when YIIIa T\W- 

hydrogenated in acet ic acid soliltion in the presence of Yd-C'. 
The compoiind was soluiile in :tqiieoiis acids. The yield of ma- 
terial. m.p. 21i-22O0, wax increased lo  iO'-i hy carrying out the 
IiydrogeIiatiori in 2.5: 1 ethyl acetate-et,haIiol, a5 bolvent. 

The corresponding N-benzyl-N-methyl derivative was prepared 
l iy  :I combinatiori of Ilecker niethyl:ttioti2 and reduc.tion, :t- 
fiillo\v,.. The atnine :3.2 g . )  :tiid 1 .H g. of benzaldehyde in 2(iO 
nil. of  toluene wax refliised under a water trap for 0 . 5  hr., :tiid 
i l i e  resilltirig Polittion was treated with exces;.; ( c w .  10 ml.) CIIJ 
: i r i d  refluxed 3, .5  hr. 
whicah was dissolved in niethaiiol and treated with excess ( u i .  

S g. )  SaBH4 in porticitix. The mixtiire was boiled on steam conti 
fo r  15 min. t o  remove nio*t of  t h e  methanol, and the rooled 
reaidlie was treated with writer. .in oil separated, and 
lized wher chilled. 
(KpC03) arid evaporating, g:~v(' :I -olitl wliic~ti nieltetl over the 
rarige .50--105', wis  sii lvLiteil, xr i i l  voiiI(1 ii11t t ie  rem 
fer,t ivelJ-. 'The c~or r r~p~ i r i t l i i i y  li~ili~~~cliliiri(lt~ \\:is prec.ipitatetl 
~ ~ I J I I I  et Iirr a i i d  recririvertetl i o  11:i-e: I liis lime wax : i g h  estmri et1 
wi th  et her :tiid reconverted to  i l i ~  hydrochloride which, :tfter 
si i r . l i  treat nierii, w:ts>iiffirieiit ly piire t o  rerry>tdlize from etliariol - 
et tirr: rwlorleh- irry>t:tl-, 111.11. 24:1--244(i" de(*. after drj.iiig 

I<vaporatiori gave a yellow gl 

An etlier ertr:ir.t o f  this haw, after 



2.88, 3.07, 5.91, and 6.17 p; Atky:' 251 and 275-282 nip ( e  7390 
and 1370, respectively). 

Anal. Calcd. for C16H16520: C, 56.16; H, 6.39; X, 11.10. 
Found: C, 76.32; H, 6.55; N, 10.88. 

Similar hydrogenations of IXb and IXc gave acid-soluble, 
gradually air-discoloring, viscous oils fromwhich crystalline amines 
could not be obtained. Bcetylation, or attempts to prepare 
corresponding hydrochlorides, did not lead to crystalline deriva- 
tives. 

3- [ ~-(2.Pyridyl)-~-aminoethy1]-2-indolinone (XId).-Hydro- 
genation of 26.2 g. of IXd in ethyl acetate in the presence of 11 
g. of 105, Pd-C was carried o1lt first a t  room temperature, until 
ea. 2 molar eqiiiv. had been taken up (ea. 2 hr.), and then at 
60" until a total of 3.0 molar equiv. had been absorbed. Some 
green gum separated from the filtered, chilled solution. The 
clear, decanted solution, upon evaporation gave yellow oil, which 
deposited crystals a-hen scratched in the presence of ether and a 
small amount of ethanol. The colorless crystals (4.0 g.)  obtained 
by trituration with these solvents were purified by further re- 
cryhtallization from ethanol-ether; m.p. 169-171" ; x;",:"' 2.97, 
3.03, and bonded NH bands, 5.91 and doublet 6.16-6.27 p ;  
A:,$" 253 (E 9940) and inflections 262 and 283 mp ( E  8200 and 
1560, respectively). 

-4nal. Calcd. for CljH15?j30: C, i l . 1 2 ;  H, 5.97; S, 16.59. 
Found: 

rltternpts to promote further reduction of the pyridine moiety 
of this compound to the corresponding piperidine, using Pd-C 
and warm ethyl acetate, resulted in the expected uptake of H?, 
but the base obtained was not crystalline. Acet,ylation of t,he 
crude oil with acetic anhydride a t  room temperature gave, after 
several days, crystals, m.p. 235-237' dec. after recrystallization 
from ethyl acetate, which appeared to be a solvated form of the 
N,N'-diacetate of the aminopiperidine : A",:' strong multiple 
S H  bands, 5.78 and intense doublet 5.93-5.98 p ;  A:; 250 mp 
( E  14,110) and inflection 284 mp ( e  1240). 

Anal. Calcd. for C1yH2jNa03.H,0: C, 63.14; H, 7.53; S, 
11.63. Found: C, 63.06; H, 6.06; S,  12.16. 

1,3-Dimethyl-3-phenyI-5-nitro-2-indolinone.-To sodium 
rnethoxide (from 1.1 g. of Xaj  in methanol (100 ml.) was added 
2.1 g. of 3-phenyl-2-indolinone3' and 12 ml. of C&I. The 60111- 
tion was refluxed 3 hr., evaporated to smaller volume, and the 
cooled residue w-as treated with water. The red oil, crude 1,3- 
dimethyl-3-phenyl-2-indolinone, was isolated by extraction 
with ether, washed iintil neutral, dried (MgSO,), and evaporated; 
the re3idue did not crystallize (lit.32 m.p. ea. 50"). I t  was dis- 
solved in 7 ml. of glacial acetic acid and nitrated by addition of 
12 ml. of concentrated HNOa ( d  1.42) while cooling in ice to 
prevent temperature from rising above 30". After 5 min. the 
mixed acid solution was poured over ice. The brown, partly 
crystalline, crude product was extracted with ether; the ether 
solution was washed with sucressive portions of water, dilute 
S a O H  solution, and water, dried (AIgSO4), arid evaporated. 
By recrystallization from ether there was obtained 1 g. of crystal- 
line nitro compound, m.p. 132-138". Purified by recrystalliza- 
tion from methanol, the sample had m.p. 135.5-137' (lit.32 m.p. 
138'); Xl::' 5.80, 6.19, and 6.59 p .  

Anal. Calcd. for C1eH14S203: C, 68.07; H, 5.00; S, 9.92. 
Found: C, 68.06; H, 4.99; N, 9.74. 

l-Methyl-3-benzyl-2-indolinone (XIIa). A. Methylation,- 
T(J a solution of 8.4 g. (0.365 g.-atom) of sodium in 500 ml. of 
methanol was added 69 g. (0.312 mole) of 3-benzylidene-2-indoli- 
none and then, in portions, 55 ml. of CHJ. After the initial, 
exothermic action had subsided, the solution was refluxed 2.4 hr., 
and allowed to stand 3 days. Additional methyl iodide (20 nil.) 
was added; the solution was refluxed 2 hr. longer, then evapo- 
rated to smaller volume, and the cooled residue was treated with 
water. The ether-extracted material, after washing with water, 
drying (NgSO,), and evaporating part of t'he ether, deposited 
9.3 g. of recovered starting material, m.p. 174-178". The re- 
maining crude, oily prodiict (56 g., 76yc) did not crystallize and 
was used in the next btep. 

B. Hydrogenation.-The 56 g. of greenish oil from A in 350 
nil. of ethyl acetate was treated with 8 g. of 10% Pd-C, and the 
suspension was shaken under 3.2 kg./cm.2 (gauge) of hydrogen 
at  60' for 8 hr. when, in the 4-1. system, a 1 .4-kg . /~m.~ pressiire 
drop had occurred. The filtered soliition was still yellow, and 
t'herefore was charged with 9 g. of fresh catalyst, rehydrogenated 
a t  3.2 kg./cm.2 and 60" for 2.5 hr., and again filtered. From 
the resulting colorless soliition, upon evaporation, there 
was obtained 36.1 g. (647;) of colorless product, m.p. 64-68'. 

C, 70.55; H, 6.21; S, 16.09. 

A pure sample, after recrybtallization from elher, had m.p. 
70-71°, A:::' 5.85 and 6.16 p, A::"." 253 nip ( e  8200) with shoul- 
ders a t  263 and 281 m p .  

Anal. Calcd. for C16H1SSO: C, 80.98; H, 6.37; X, 5.90. 
Found: C, 80.98; H, 6.37; S, 5.79. 

l-Methyl-3-( 3,4-dimethoxybenzyl)-2-indolinone (XIIb). A. 
1-Methyl-2-indolinone w-as prepared either by Stollk cydiaa- 
t i ~ n ~ ~  or in larger quantities and in a less pure condition by hy- 
drogenolysis of Xi-methylisatin as follows. A mixture of 21 g. 
of K-methylisatin and 5 g. of lOyc Pd-C in 250 ml. of glacial 
acetic acid, shaken under 3.2 kg./cm.2 of H2 at  70", consumed ca. 
1 molar equiv. of HP in 1 hr. and then, more slowly, additional gas 
to a total of 1.17 molar equiv. Evaporation of the filtered solu- 
tion gave a thick, red oil, from which, on standing, there slowly 
separakd 4 g. of a high-melting by-prodiict, n1.p. 197-199" (prob- 
ably an isatide) which was removed by filtration. E o  attempt 
was made to further purify the remaining clarified, crude oil before 
using it in subsequent reactions, since 3-methyl-2-indolinone is 
fairly soluble in water and extraction and washing procedures 
led to much loss of material. Distillation of the crude corn- 
pound in the presence of traces of acetic acid also is iiiadvisable, 
due to decomposition. 

When K-methylisatin (16.1 9.) was hydrogenated i i i  ethyl 
acetate (200 ml.) and acetic acid (50 ml.) in the presence of 10%;. 
Pd-C (4 g.) a t  70", only 1.09 molar equiv. of H2 was taken up, 
and from the filtered, evaporated solution there was obtained, 
after addition of water, extraction with ether, washing with 
S a H C 0 3  solution, drying, and evaporation, 3.2 g. of crystals 
which, after recrystallization from ether and benzene, had m.p. 
155.5-157' and proved to be N-met,hyldioxindole (lit.44 m.p. 
149-151'); X2y3.0i  (broad), 5.86-5.92, and 6.19 p ;  A ~ ~ ~ , " "  210, 
258, and 288 mp ( e  26,700, 6120, and 1220, respectively). 

Anal. Calcd. for C9H,N02: C, 66.24; H, 5.56; S,  8.58. 
Found: 

B. l-Methy~-3-(3,4-dimethoxybenzy~idene)-2-indolinone.- 
To 19 g. of crude N-methyl-2-indolinone and 21 g. of veratralde- 
hyde in 200 ml. of methanol was added 8.8 g. of pyrrolidine. 
The green solution was boiled 15 min., reduced to smaller volume, 
cooled, and t,reated with water. The crude product was ex- 
tracted with ether-thy1 acetate. The organic solution was 
washed with two portions of dilute HCl, then several portions 
of water, dried (LlgS04), and evaporated. The residual oil 
crystallized in ether giving 11.3 g. (30%) of yellow crystals, m.p. 
112-118'. Recrystallizat,ion from ether gave a pure sample: 
m.p. 127-129'; A%!' 5.91 and triplet 6.21, 6.29, and 6.35 p ;  
A_"::,"" 263 and 368 mp ( e 16,070 and 23,520, respectively). 

Anal. Calcd. for Cl&17KO3: C, 73.20; H, 5.80; S, 4.74. 
Found: 

C.-Reduction of 11.3 g. of the veratrylidene compound from B 
in ethyl acetate in the presence of 3 g. of 10Cc Pd-C at  room 
temperature gave, after ether t'reatment of crude oil, 6.0 g. 
(53%) of colorless crystals: m.p. 109-111"; A:::' 5.84 and 
doublet 6.17-6.25 p ;  A:!::" 231, 253, and 279 m p  ( e  12,610, 
10,090, and 5360, respectively). 

Anal. Calcd. for CisH,ySOJ: C, 72.70; H, 6.44; S, 4.71. 
Found: 

l-Methyl-3-(p-Chlorobenzyl)-2-indolinone (XIIc). A.-3-(p- 
Chlorobenzglidene-2-indolinone was prepared by condensation of 
2-indolinone m-ith p-chlorobenzaldehyde in methanol in the 
presence of piperidine (boiled 12 min.) and recrystallized from 
methanol; yellow-orange crystals, m.p. 196-198" (lit.45 m.p. 
184'); A::" 254, 329, and 396 mp 
( e  12,730, 16,160, and 3610, respectively). 

Anal. Calcd. for CiaH,ciCl?u'O: C, i0.45; H, 3.94; S, 5.49. 
Found: 

B. N-Methylation of 39 g. of compound from A ill a solution 
of 6 g. of Ka in methanol with 50 ml. of CHaI, as described for the 
1-methyl-3-benzylidene compound, gave a crude solid niisture of 
product and starting material, whirh was fractionated and re- 
methylated to obtain the former by t,he follom-ing steps: (1) 
several filtrations of progressively more concentrated methanol 
suspensions of the material removed 9.5 g. of the less soluble 
starting material; (2) the residue from evaporation of filtrate was 
refluxed 3 hr. with a solution of 6 g. of Ka in 100 ml. of methanol 
and 50 ml. of CHJ and, after evaporation, worked up as before to 
give 30.5 g. of low-melting (89-95') material; (3) a solution of 

C, 66.48; H, 5.73; N, 8.34. 

C ,  73.01; H, 5.83; S, 4.65. 

C, 72.69; H, 6.66; S, 4.70. 

X:::"' 5.82 and 6.14-6.21 p ;  

C, 70.86: H, 3.97; pi, 5.47. 

(44) See F. K. Beilstein, "Handbuch der Organischen Chemie," Voi. 21, 

(45) P. UT. Neber and E. Rockner, Ber., 66, l T l O  (1923). 
1st Ed.. 1935, p. 579. 
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of the crude product from ethanol, gave a quantitative yield 
of product, m.p. 121-123" (lit.35 m.p. 12l0) ,  A",:' 5.85 and 6.19- 
6.23 p (doublet), A:::" 245 mp ( E  12,750) with inflection 280 mp 
( e  1270). 

l-Phenyl-3-hydroxymethylene-2-indolinone.--Dry sodium 
niethoxide was prepared from 2.8 g. of Na and suspended in 500 
ml. of dry ether. There was added 25 g. of N-phenyl-2-indolinone 
and 50 ml. of ethyl formate, and after a mildly exothermic re- 
action was complete the mixture was allowed to stand at. room 
temperature, protected from moisture, for 5 hr. Addition of 
water, separation, and acidification of the ether-washed, aqueous 
layer afforded 10.0 g. of crude enol as light yellow crystals, m.p. 
200-203" (giving deep bliie ferric test). After recrystallization 
from methanol a pure sample had m.p. 202-204"; A ~ ~ ~ '  broad 
bonded OH and/or NH, 5.90 and 6.16-6.25 p (doublet); 
262 and 301 mp ( e  23,940 and 10,100, respectively) with inflec- 
tions 219,294, and 328 mp (e23,720,9880, and 2150, respectively). 

dnal. Calcd. for CljHI1XO2: C, 75.93; H, 4.67; K, 5.90. 
Found: 

l-Phenyl-3-methyI-2-indolinone.-A solution of 10.5 g. 
(0.0463 mole) of l-phenyl-3-hydroxyniethylene-2-indolinone in 
250 nil. of ethyl acetate and 3 ml. of glacial acetic acid was treated 
with 3 g. of 10% Pd-C and shaken under 3.2 kg./cm.Z of HB, 
first a t  room temperature and finally a t  60". The pressure drop 
(2.2 molar equiv.) indicated hydrogenolgsis, and the solution was 
filtered and evaporated to give 10.7 g. of pale greenish yellow 
oil. A clari- 
fied, evaporated, ether solution returned yellow oil which was 
used in subsequent alkylation, and the 3-(p-dimet,hylaminoethyl) 
derivative was characterized, as described below. 

l-Methyl-3-benzyl-3-phenyl-Z-indolinone (XX).-To a solu- 
tion of 0.7 g. of K in 100 ml. of t-butyl alcohol was added 4.1 g. of 
l-niethyl-3-pheny1-2-indolinone and then 3.2 g. of benzyl bro- 
mide. After the initial reaction, the mixture was stirred and 
warnled on steam cone 0.8 hr., then evaporated to smaller volume 
in uacim and treated with cold water. The product was extracted 
with ether. The organic layer was washed with several portions 
of water, dried (hIgSo4), and evaporated. The residue crystal- 
lized in ether, giving 3.3 g. of colorless crystals, m.p. 126-128'; 
recrystallization from the same solvent raised the melting point 
to 128-130", A;::' 5.83 and 6.18 p, AEzy" 257 mp (e 6750) with 
inflect,ion 284 mp ( e  1680). 

.4nal. Calcd. for C22HIgYO: C, 84.31; H, 6.11; S, 4.47. 
Found: 

1,3-Disubstituted 3-( p-Dialkylaminoethyl)-2-indolinones 
(XIX).-the generalprocedure for the alkylationof 1,3-disubstitut- 
ed 2-indolinones with p-dialkylaminoethyl chlorides was adapted 
from well-known precedents and carried out as follows. A 
stirred solution of 0.025 mole of the 2-indolinone in 200 ml. of 
dry toluene was treated first with 0.05 mole of powdered NaNH?, 
then with a dried toluene solution (ca.  1 g./5 ml.) of 0.05 mole of 
the p-dialkylaminoethyl chloride (freshly prepared from cor- 
responding hydrochloride). The stirred suspension was warmed, 
under reflux, first to ca. 80" for a brief period until the first evolu- 
tion of NH3 n-as nearly complete, and finally to reflux tempera- 
t'nre for 4-5 hr. The cooled mixture was treated with water, 
ether was added, and after shaking and separat,ing, the organic 
layer was washed with two portions of water and extracted with 
two small portions of cold 18yo hydrochloric acid. The aqueous, 
acid solution was made basic a t  ice temperature by gradual addi- 
tion of cold, concentrated NaOH solution. The oily base which 
separated was extracted with ether; the ether solution was washed 
with txo  portions of water, dried (&C03), filtered, and evapo- 
rated on a steam cone. From the ether solut,ions of the crude 
product's, after removal of volatile constituents, the crude hydro- 
chlorides were prepared by addition in each case of a slight excess 
of 5(.6 alcoholic HC1. The crude, oily salts were washed with 
dry ether by decantation and induced to crystallize in the pres- 
ence of small respective amounts of ethanol, occasionally 
with the addition of a small amount of ether, and recrystallized 
from the same solvents. If the hydrochloride was too hygroscopic 
or did not crystallize after partial purification by reprecipitation 
from ethanol with ether, it was converted back to base in some 
cases and a sample of the latter used to prepare the picrate, which 
was recrystallized from ethanol. Yields of crude products 
appeared to he irniformlg fairly good, but because of losses of 
material incurred in purifying critde substances the observed 
yields of pure samples are not significant and so are not reported. 

1 -Methyl-3-benzyl-3-( p-diethylaminoethyl)-2-indolinone 
hydrochloride (XIXa) was hygroscopic; m.p. 121-123" (with 

C, 75.87; H, 4.75; K, 5.92. 

The material could not be induced to crystallize. 

C, 84.35; H, 6.20; N, 4.35. 

prior sintering 100') after drying in vacuo a t  80'; n1.p. 124-127' 
in the hydrated form, after drying in mcuo at  room temperature; 
A::' hydrated salt bands, 5.84 and 6.20 p ;  255 mp ( e  
7100) with inflections 206 and 285 mp ( e  31,000 and 1400, re- 
spectively). 

Anal. Calcd. for C22H2gCIN20.0.5H20: C, 69.18; H, 7.92; 
N, 7.34. Found: C, 69.02; H, 8.16; N, 7.23. 

1 -Methyl-3-( p-chlorophenyl)-3-( p-dimethylaminoethyl)-2- 
indolinone hydrochloride (XIXb) was obt,ained as hemihydrate, 
slightly greenish crystals, m.p. 187-190" dec.; too hygroscopic 
for useful Xujol mull; A:::" 256 mp ( e  8140) with inflection 282 
mp ( e  1880). 

Anal. Calcd. for C1gH&1X20.0.5H20: C, 60.96; H, 6.19; 
S, 7.49. Found: C, 61.36, 61.16; H, 6.25; S, 7.25. 

l-Methyl-3-( p-chlorobenzyl)-3-( 8-dimethylaminoethyl L2- 
indolinone (XIXc).-The crude base crystallized in hydrated form 
from ether; m.p. 82-86'; A:::' 2.84, 5.S5-5.89, and 6.18 p :  

A,,, 255 mp ( e  7270) with inflections 266 and 281 mp ( e  5290 
and 1730, respectively). 

Anal. Calcd. for C Z ~ H ~ ~ C ~ S ~ O . O . ~ H ~ O :  C, 68.19; H, 6.82. 
Found: C, 68.74; H, 6.94. 

Further drying gave anhydrous material. 
Anal. Calcd.: S,  8.74. Found: S, 8.57. 
The corresponding hydrochloride was obtained as hygroscopic 

crystals: melting point indefinite; Nujol mull not suitable for 
Infrared; A",:" 256 mp (e 7770) with inflection 280 mp ( e  1970). 

Anal. Calcd. for C2oH24Cl2X2O.O.5H,O: C, 61.85; H, 6.49 
S, 7.22. Found: C, 61.26; H, 6.47; S, 7.33. 

The corresponding picrate had m.p. 327-230" dec., after re- 
crystallization from ethanol. 

l-Methyl-3-( p-fluorobenzyl)-3-( p-dimethylaminoethyl)-2-in- 
dolinone hydrochloride (XIXd) was obtained as monohydrate : 
m.p. 190-192" dec.; A~:l'2.86, broad 3.85-4.09, 5.83, and 6.19 p ;  
A,,, 207 and 255 mp ( e  28,000 and 6890, respectively) with in- 
flection 284 mp ( e  1360). 

Anal. Calcd. for C ~ O H ~ ~ C ~ F K ~ O . H ? O :  C, 63.07; H, 6.88; 
N, 7.35. Found: C, 63.89; H, 7.16; S,  6.96. 

A sample, after further drying and before air exposure gave K, 
7.34. 

l-Methyl-3-benzyl-3-~p-dimethylaminoethyl)-5,6-dimethoxy- 
2-indolinone hydrochloride (XIXe).-Colorless crystals had m.p. 
245-246' dec.; hi",:"' broad 3.9-4.3, 5.85-5.87, and 6.16 p :  
Ai:;" 209 and 281 mp ( e  31,150 and 5850, respectively) with 
inflection 296 mp ( e  5280). 

Anal. Calcd. for C22H29ClS203: C, 65.25; H, T.22; ?j, 6.92. 
Found: C, 65.17; H, 7.33; S, 6.62. 

l-Methyl-3-cyclopentyl-3-( p-dimethylaminoethyl)-2-indoli- 
none (XlXf)  was characterized as the picrate: m.p. 153-155'; 
A2::'3.64, 5.86, and (doublet) 6.12-6.23 p. 

Anal. Calcd. for C24H29X608: C, 55.91; H, 5.67; X, 13.50. 
Found: C, 55.71; H, 5.85;  S, 13.41. 

l-Phenyl-3-methyl-3-( p-dimethylaminoethyl)-2-indolinone hy- 
drochloride (XIXg) had m.p. 251-253"; A",:' broad 4.17-4.27 
ionic band, 5.90, and 6.19 p ;  A:::" 244 mp ( E  12,120) with in- 
flection 292 mp ( e 620). 

Anal. Calcd. for ClgH23C1S20: C, 68.97; H, 7.01; S, 8.47. 
Found: 

Also prepared by the same procedure was the known compound 
1 -methyl-3-phenyl-3-( p-dimethylamin0ethyl)-2-indolinone,~~ b.p. 
190-1Y5" ( 3  mm.), hydrochloride hygroscopic, and 1-benzyl- 
3-phenyl-3-(p-dimethylaminoethyl)-2-indoIinone hydrochloride 
(XIXh),  m.p. 199-200", A?:' broad ionic bands 5.89 and 6.20 p, 
A:::" 256 ( e  6910) with inflections 264 and 283 ( e  5800 and 1550, 
respectively). 

Bnal. Calcd. for C26H27ClK20: C, 73.70; H, 6.68; S,  6.87. 
Foiind: 

Alkylation with p-dimethylaminoethyl chloride could not suc- 
cessfully be applied to XIV or to XIIb.  
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C, 68.42; H, 7.30; T, 8.50. 

C, 73.81; H, 6.95; X, 6.76. 


